The level of anine aminotransferase/aspartate aminotransferase (ALT/AST) ratio in the serum was often used to assess liver injury. Whether the ALT/AST ratio (LSR) was associated with prognosis for gastric adenocarcinoma (GA) has not been reported in the literature. Our aim was to investigate the prognostic value of the preoperative LSR in patients with GA. A retrospective study was performed in 231 patients with GA undergoing curative resection. The medical records collected include clinical information and laboratory results. We investigated the correlations between the preoperative LSR and overall survival (OS). Survival analysis was conducted with the Kaplan-Meier method, and Cox regression analysis was used to determine significant independent prognostic factors for predicting survival. A p value of <0.05 was considered to be statistically significant. A total of 231 patients were finally enrolled. The median overall survival was 47 months. Multivariate analysis indicated that preoperative LSR was an independent prognostic factor in GA. Patients with LSR ď 0.80 had a greater risk of death than those with LSR > 0.80. The LSR was independently associated with OS in patients with GA (hazard ratio: 0.610; 95% confidence interval: 0.388-0.958; p = 0.032), along with tumor stages (hazard ratio: 3.118; 95% confidence interval: 2.044-4.756; p < 0.001) and distant metastases (hazard ratio: 1.957; 95% confidence interval: 1.119-3.422; p = 0.019). Our study first established a connection between the preoperative LSR and patients undergoing curative resection for GA, suggesting that LSR was a simple, inexpensive, and easily measurable marker as a prognostic factor, and may help to identify high-risk patients for treatment decisions.
Introduction
Stomach cancer, or gastric cancer (GC), is a disease in which malignant cells form in the lining of the stomach. The most common type is called adenocarcinoma (GA). Other types of gastric cancer are gastrointestinal carcinoid tumors, gastrointestinal stromal tumors, and lymphomas. GC is one of the most prevalent malignant diseases and the second-most common cause of cancer-related death in the world. Over 70% of new cases and deaths occur in developing countries, with the majority in China [1] . The ratio of men to women is about 2:1. The highest incidence-up to 69 cases per 100,000 people per year-is in men in Northeast Asia [2] . Over the past couple of decades, although advances have been seen in surgical techniques and adjuvant chemotherapy, the prognosis remains dismal [3] . To prolong the survival of GA patients, sensitive and specific factors for classifying cancer risk and predicting survival are always desired in clinics to select patients for tailor treatment.
Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are the main circulating enzymes in the body, are synthesized by the liver, and have half-lives of approximately 18 and 36 h in a healthy young adults, respectively [4] . Transaminases are commonly considered as liver function tests; however, given that, in addition to liver, AST is produced in other tissues, such as heart, muscles, and so on [5, 6] . Serum ALT activity has long been used as an inflammatory marker to assess liver injury related to multiple etiologies including hepatitis, tumors, liver cirrhosis, and alcohol consumption, and the level of ALT/AST ratio (LSR) in the serum has been generally accepted as a better predictor of liver injury [7] . Some studies have confirmed that the indexes of liver function could become better prognostic biomarkers [8] [9] [10] [11] [12] . However, there are no studies that have evaluated the association between the preoperative serum LSR and survival in GA. Thus, the prognostic value of the LSR in patients with GA is not clear. In this study, we performed a large-scale retrospective cohort analysis to examine the association between LSR and survival in GA patients who are undergoing curative treatment.
Results

Patients
A total of 231 eligible patients were identified from January 2008 to December 2015. The clinicopathologic characteristics of the 231 GA patients in this study are described in Table 1 . There were 160 men (69.3%) and 71 women (30.7%) with a median age of 56 years (range, 23-79 years). Of these, 29 (12.6%) were stage I, 52 (22.5%) were stage II, 94 (40.7%) were stage III, and 56 (24.2%) were stage IV. At the time of last follow-up, the median overall survival (OS) was 47 months. 
Serum ALT/AST Ratio (LSR) and Survival
Comparing multiple Kaplan-Meier curves, a significant result from the log rank test indicated that LSR > 0.80 was associated with better OS (p = 0.008; Figure 1D ). The mean OS times of patients with LSR > 0.80 and LSR ď 0.80 were 68.2 and 55.5 months, respectively, and one-year survival rate (p = 0.005; Figure 1A) , three-year survival rate (p = 0.027; Figure 1B) , and five-year survival rate (p = 0.015; Figure 1C ) were 95.5% vs. 84.5%, 70.1% vs. 56.7%, and 67.8% vs. 52.3%, respectively. In the univariate analysis, variables including pathological stage (p < 0.001), lymph node metastasis (p < 0.001), distant metastases (p < 0.001), location (p = 0.021), tumor size (p < 0.001), serous infiltration (p < 0.001), albumin (ALB) (p = 0.020), LSR (p = 0.009), CA72-4 (p = 0.001), Fibrinogen (Fbg) (p = 0.049), Glasgow Prognostic Score (GPS) (p = 0.035), and p53 (p = 0.045) were significant risk factors for GA survival (Table 2) 
Comparing multiple Kaplan-Meier curves, a significant result from the log rank test indicated that LSR > 0.80 was associated with better OS (p = 0.008; Figure 1D ). The mean OS times of patients with LSR > 0.80 and LSR ≤ 0.80 were 68.2 and 55.5 months, respectively, and one-year survival rate (p = 0.005; Figure 1A ), three-year survival rate (p = 0.027; Figure 1B) , and five-year survival rate (p = 0.015; Figure 1C ) were 95.5% vs. 84.5%, 70.1% vs. 56.7%, and 67.8% vs. 52.3%, respectively. In the univariate analysis, variables including pathological stage (p < 0.001), lymph node metastasis (p < 0.001), distant metastases (p < 0.001), location (p = 0.021), tumor size (p < 0.001), serous infiltration (p < 0.001), albumin (ALB) (p = 0.020), LSR (p = 0.009), CA72-4 (p = 0.001), Fibrinogen (Fbg) (p = 0.049), Glasgow Prognostic Score (GPS) (p = 0.035), and p53 (p = 0.045) were significant risk factors for GA survival (Table 2) 
The Relationship between the ALT/AST Ratio and Clinicopathologic Characteristics in GA Patients
Further analysis of the relation among the two groups (LSR > 0.80 and LSR ď 0.80) and other prognostic indicators for GA (Table 3) 
Discussion
Gastric cancer is the most common cancer and the second leading cause of cancer-related death in the world. Factors that may increase risk of gastric cancer include oxidative stress, DNA damage, Helicobacter pylori infection, and so on. Inflammation and H. Pylori infection induce oxidative stress, which leads to DNA damage, impairs immune function, extracellular signal-regulated kinase (ERK) activations and p53 over expression, which are related to cancer development [13] .
The liver is the largest solid organ and plays a major role in metabolism with numerous functions in the human body. ALT and AST are the major critical enzymes in the biological processes [14] . The synthesized ALT and stored AST changes in serum levels have become diagnostic tools and markers for assessing the liver function [15] . Reports have suggested that their levels increase in different hepatic injures, such as hepatitis and cirrhosis induced by alcohol, drugs, viruses, and also under oxidative stress [16] . The liver could easily be exposed to internal stimuli which produce reactive oxygen species. The oxidative stress could damage the liver cells. The levels of ALT/AST in the serum have been generally accepted as a better predictor of liver injury [7] . Oxidative stress and inflammation are related to gastric cancer development; at the same time, oxidative stress and inflammation could also lead to damaged liver cells. With the development of tumor biology, there is growing evidence that the presence of a systemic inflammatory response is linked to poor survival in patients with different types of cancers [17, 18] . Thus, our aim was to investigate the prognostic value of the preoperative LSR in patients with GA.
This study is mainly focused on the association between clinicopathological parameters and prognosis in gastric cancer. Previous studies have shown that serum albumin, CRP, TNM stage, serum globulin HER-2, CA72-4, and GPS were associated with OS in GC, and they could also predict prognostic factors for survival in gastric cancer [9] [10] [11] 17, 19, 20] . In our study, only TNM stage, lymph node metastasis, distant metastases, tumor size, serous infiltration, ALB, LSR, CA72-4, Fbg, and p53 were shown to be predictors of OS in univariate analyses. However, the following multivariate analysis showed only LSR was independently associated with OS in patients with GA (p = 0.032), along with tumor stages (p < 0.001) and distant metastases (p = 0.019). Patients with LSR ď 0.80 were associated with significantly worse survival than those with LSR > 0.80. In our study, GPS and CRP were not as independent prognostic factors for survival in gastric cancer. We explained the results and the factors with p values <0.1 in the univariate analysis were then performed using multivariate Cox regression analysis to identify independent predictors of OS. The factors we studied were more than other researchers did and the prognostic factors were more comprehensive.
Until now, many researchers have reported inflammation and oxidative stress were especially important for cancer progress. The reasons that inflammation and oxidative stress are related to gastric cancer is as follows: (1) tumor progression and metastasis comprise a cascade of steps which involve tumorigenic factors (inflammation, oxidative stress) which participate in the process [21] [22] [23] ; (2) inflammatory and chronic oxidative stress leads to generating oxygen free radicals, which have been shown to stimulate cancer initiation, promotion, and progression [21] ; (3) the gastrointestinal tract could easily be exposed to external and internal stimuli which produce ROS [24] ; (4) systemic inflammation showed correlation with therapy response.
Serum transaminases were used to assess the stage of fibrosis, liver function, and prediction of prognosis for patients with chronic hepatitis [25] . Ronnie [26] reported an increased serum AST level was an independent adverse prognostic factor in patients with hepatocellular carcinoma associated with HBV-related cirrhosis. They considered the elevated transaminases were associated with hepatitis activity in the cirrhotic liver; this may increase the risk of recurrence. Shen [27] also found preoperative AST was an independent prognostic factor for hepatitis B-induced hepatocellular carcinoma after hepatic resection. Recent studies demonstrated that proliferating cancer cells show aerobic glycolysis, as well as increased glutamine metabolism, to maintain nucleotide biosynthesis and nonessential amino acids, which are catalyzed by transaminases [28, 29] . The exact explanation for the decreased death rate in patients with a preoperatively-elevated ALT/AST ratio remain elusive.
The major limitations of this study are as follows: (1) this study was a retrospective design, single-center site, and lacking measurements of H. pylori (HP) infection, since we could not obtain information from most studies regarding infection with HP, a strong risk factor for gastric cancer [30] ; and (2) our study found that LSR was an independent prognostic factor in patients with GA, but we did not reveal the mechanisms of how LSR influences the patients' survival times. Further studies may aim at investigating what the role LSR plays in the prognosis of GA. Despite these limitations, we report the first study of the potential prognostic value of the preoperatively-evaluated LSR in patients of gastric cancer.
In recent years, "liquid biopsies" have attracted increasing interest for noninvasive cancer diagnosis, prognostis, and monitoring of treatment response. Several studies have provided proof-of-principle data related to several circulating markers that could be used for cancer prognosis. These blood-based biomarkers include circulating tumor cells, DNA-, RNA-, and protein-based markers. We evaluated the association between the circulating protein-based markers and survival in GA and found LSR was an independent predictor of poor survival in GA, thus, it is a new prognostic marker in gastric cancer.
In conclusion, our first report LSR was an independent predictor of poor survival in gastric cancer. The following study programs should validate this association and elucidate the mechanisms by which LSR affects the risk of prognosis in gastric cancer. In a word, preoperative serum LSR is a simple, convenient, and low-cost prognostic marker in gastric adenocarcinoma patients undergoing curative treatment.
Materials and Methods
Patients
A total of 231 histologically-proven gastric adenocarcinoma patients at the Sun Yat-sen University Cancer Center who were treated with undergoing curative treatment from 2008 to 2015 were enrolled in this study. Collection and recording of the patient's clinical data, including sex, age, smoking, family history, location, ABO blood group, tumor size, serous infiltration, lymph node metastasis, CA72-4, CA19-9, CEA, ALB, C-reactive protein, p53, ALT, AST, ALT/AST, Fibrinogen (Fbg), GPS score, TNM stage, diagnosis, treatment, and follow-up results was conducted. All procedures performed were in accordance with the ethical standards of the national regulations and with the 1964 Helsinki Declaration and its later amendments. Our study was approved by the Sun Yat-sen University Cancer Center research ethics committee. The study was approved by the Ethics Committee of Sun Yat-Sen University Cancer Center, and all patients signed an informed consent before inclusion in the study. The inclusion criteria as following: (1) all patients were histologically confirmed as having stage I to IV adenocarcinoma of the stomach depending on postoperative histological specimen; (2) clinical data were complete; (3) good performance status; (4) undergoing curative treatment; (5) patients with other malignant tumors; and (6) no liver dysfunction. All patients were followed up until death or 30 October 2015, if still alive.
Laboratory Measurements
Fbg was measured by coagulation method using Sysmex CA7000 System (Sysmex, Kobe, Japan). ALT, AST, ALB, CRP were measured by Hitachi 7600 Automatic Analyzer (Tokyo, Japan). CA19-9, CA72-4, CEA were measured using electrochemiluminescence immunoassay (Roche COBAS-E-602, Shanghai, China). The value of Fbg, ALT, AST, ALB, CRP, CA19-9, CA72-4, CEA testing one day before pre-operation was recorded. The LSR was defined as the serum ALT level divided by the serum AST level. The GPS was calculated by CRP and ALB using standard thresholds (>10 mg/L for CRP and ď35 g/L for ALB). Patients with both a CRP level >10 mg/L and an ALB level ď35 g/L were categorized as having a score of 2. Patients with only one of these abnormalities were categorized as having a score of 1. Patients with neither of these abnormalities were categorized as having a score of 0 [31] . p53 evaluation was carried out according to the data available in the literature [32] . Accordingly, they were assigned scores of 0, +1, +2, and +3 according to their immune-reactivity.
Statistical Analysis
Data was summarized with the number of subjects and mean value, and the cutoff value of preoperative Fbg, ALT, AST, CRP, CA19-9, CA72-4, CEA, and LSR were estimated by median. Overall survival (OS) was calculated from the date of surgery to the date of death or last follow-up. Statistical analysis was performed by SPSS software, version 19.0 (SPSS Inc., Chicago, IL, USA). The Chi-square test was used to compare categorical variables. Multivariate Cox regression was used to perform survival analysis in order to estimate the variables for survival. Results of the Cox regression analyses were reported with hazard ratios (HR), together with the corresponding 95% confidence intervals (CI). Survival curves were constructed according to the Kaplan-Meier method and compared using the log-rank test. All factors significant in univariate analyses were entered into a multivariate analysis. Two-tailed p values <0.05 were considered significant.
